Plant pathogenic pseudomonads such as Pseudomonas glumae, Ps. gladioli pv. gladioli, Ps . cepacia and Ps. avenae formed growth inhibition zone around their colonies on the lawn of other plant pathogenic bacteria, Agrobaclerium tumefaciens, Corynebacterium michiganense pv. michiganense, Erwinia carotovora subsp. carotovora, Ps. solanacearum , Ps. syringae pv. syringae, Xanthomonas campestris pv. citri and X. campestris pv. oryzae, used as indicators.
Introduction
Some saprophytic pseudomonads are known to be producers of antibiotics. Arima1) et al. reported that a strain of Pseudomonas produced a new antibiotic, pyrrolnitrin .
Imanaka and his co-workers8) identified the bacterium as Pseudomonas pyrroctinia and determined chemical structure of pyrrolnitrin. Howell and Stipanovic6,7) also reported that an isolate of Ps. fluorescens obtained from rhizosphere of healthy cotton plants produced antibiotics, pyrrolnitrin and pyoluteorin. Lindberg et al. 13, 14) found that an isolate of Pseudomonas sp. produced tropolone41 which was bioactive to plants, fungi and bacteria.
From the viewpoint of biological control of plant diseases, some strains of saprophytic or plant pathogenic pseudomonads were reported to be effective3).
Some plant pathogenic pseudomonads also produce antibiotics. Sinden et al. 16 ) found that Ps. syringae produced syringomycin, which showed wide activity spectrum against various microorganisms as well as toxicity to plants. Hirayae To detect the productivity of antibacterial substan ces from producers, seven species or pathovars of plant pathogenic bacteria, which are distantly related each other, were used as indicators (Table 1) . These indicator bac teria were known to be distributed widely causing serious diseases in the world.
Culture media.
To grow bacterial strains of both producers and indicators, PSA medium (potato semi-synthetic agar medium: decoction of potato (300g/liter, 1 liter), 
Results
The majority of the isolates of Ps. glumae formed inhibition zone on some indicator bacteria as shown in Table 2 , suggesting the productivity of antibacterial substance (s).
The activity spectra, however, were greatly different depending upon isolates of pro Table 3 . The activity spectra of these isolates also varied as in the case of Ps.
glumae. The isolate NIAES1064 formed inhibition zone on the lawn of A. tumefaciens and C. michiganense pv. michiganense while did not on the lawn of X. campestris pv. citri and pv. oryzae, indicating great difference from the spectra shown by other isolates.
The isolate 251-18 is also different from other isolates in the activity spectrum showing negative activity to X. campestris pv. citri and weak activity to X. campestris pv. oryzae.
In the case of Ps. cepacia, most isolates were strong in the activity to C. michiganense pv. michiganense but very weak or almost negative to E. carotovora subsp. carotovora. Some isolates such as 342-43, 342-44, 342-45, 342-46, 342-47 and 342-48 were highly ac tive to X. campestris pv. oryzae. Ps. cepacia also showed wide variation in activity spectra depending upon isolates ( Table 4 ), suggesting that various antibacterial substances were involved in the formation of inhibition zone as in the cases of Ps. glumae and Ps. glad ioli pv. gladioli. The activity spectrum and productivity were much varied depending upon species and isolates used .
As the causal agents for the formation of growth inhibition zone, antibiotics, bacteri ocins, bacteriophages and bdellovibrios are well known. Besides these agents, sidero phores12, 18, 19) were also reported as an agent to form inhibition zone on some specific bacteria grown on the Fe3+-unsupplemented medium.
Since the inhibition zones were formed on the indicator bacteria distantly related with the producers, the causal agent of inhibition zones observed in this experiment are considered to be neither bacteriocins nor bacteriophages. The causal agent is also not considered to be siderophores, because the inhibition zone appeared regardless of the concentrations of Fe3+ in the medium (unpublished data).
In the case of Ps. glumae, some isolates such as I, III, Ku8123, Ku8124 and 8020
showed high activity against A. tumefaciens. Among these isolates, some (I, III, and 8020)
were also highly active to E. carotovora subsp. carotovora, Ps. solanacearum, X. campestris pv. citri and pv. oryzae, while others (Ku8123 and Ku8124) were inactive to X campest ris pv. oryzae. Ku8123 was inactive also to Ps. solanacearum. Some isolates such as Ku 8112, Ku8121, 750, 752, 805, P1-22-1 and 8001 formed wide inhibition zone on the lawn of C. michiganense pv. michiganense, but their activity spectra against other indicators showed much variation. Thus, the activity spectra of Ps. glumae were greatly different depending upon isolates, suggesting that several antibacterial substances participated in their activities.
The antibacterial spectra shown by Ps. gladioli pv. gladioli and Ps. cepacia were also complicated as in the case of Ps. glumae. While the activity spectra of Ps. avenae isolates were rather uniform, showing high activity only against C. michiganense pv. michiganense.
The antibacterial substances produced by plant pathogenic pseudomonads should be purified and chemical structures of these substances should also be made clear in fu ture.
So far as Ps. glumae isolates are concerned the intensity or spectra of antibacterial activity had no correlation with the pathogenicity22) to rice plants or number and kinds of plasmids9' found in each isolate.
